The article analyzes the influence of inflation on economic growth and substantiates the main directions of increasing the effectiveness of central bank anti-inflation policy.
INTRODUCTION
Due to the need to ensure a high and stable rate of economic growth, as well as the development and implementation of an effective anti-inflation policy, the search for the relationship between inflation and economic growth remains relevant for central banks and governments in many countries of the world.
The study of this relationship has been made actual since the 1980s, when, after the practical implementation of the main monetarism provisions in the central banks activity, scientists and practitioners faced a sharp rise in inflation, which at that time was mainly due to monetary factors. Today, due to the introduction of inflation targeting mechanisms in most countries, inflation remains at a low and controlled level, but for central banks and governments in developing countries, the issue of developing an effective anti-inflation policy is relevant.
Over the past decades, there has been a slowdown in economic growth and uneven economic development in the world. In some countries there are recessions or declines in production due to financial and banking crises that result from the imbalance of natural and costly flows, as well as economic and political instability. Ultimately, such financial instability provokes an increase in inflationary processes.
Special role in balancing monetary flows and economic growth rates belongs to central banks, which, as a rule, reluctantly participate in the processes of stimulating economic development. Central banks limit their functions to purely operational approaches to forecasting interest rates and monetary indicators, neglecting the developing and implementing a pro-cyclical monetary policy aimed at supporting economic growth (Mishchenko, Naumenkova, & Lon, 2016) . In addition, developing countries often lack the proper coordination of monetary and fiscal policies, which also hold back economic growth.
Inflation is an extremely complex economic phenomenon, which requires a thorough study and analysis, including the channels for the transfer of inflationary impulses to the real economy. Most studies have noted the negative effects of inflation on economic growth after reaching a certain threshold. However, the definition of such a level is based mainly on the use of a purely instrumental approach. Researchers do not pay enough attention to the effective anti-inflationary policies by governments and central banks, and high inflation rates are sometimes viewed as one of the characteristics of a weak economy with weak institutions (Khan & Senhadji, 2001) .
In particular, it concerns channels to form money supply in circulation, the import of inflation, administrative influence by setting prices for certain goods and services or through the level of public expenditures, etc. A high level of inflation may not only be a deterrent to economic growth but also a source of political and systemic threats to world financial markets (Espinoza, Leon, & Prasad, 2010) .
In world practice, a significant number of examples have been accumulated that characterize different options for the ratio of economic growth and inflation. Economic growth is also possible under high inflation, or, conversely, in case of deflation. For example, in Ukraine during 1992-2017, deflation was observed twice, in 2002 (-0.6%) and in 2012 (-0.2%), while the real GDP growth rates were 5.2% and 0.2%, respectively, in these years. Given that the main task of the macroeconomic policy of governments and central banks is to provide and maintain stable economic growth, high employment and low inflation, the purpose of the current study is to determine the nature and extent of the impact of inflation on economic growth, using the example of a small open economy, and to substantiate the directions of increasing the effectiveness of anti-inflationary policy in Ukraine.
LITERATURE REVIEW
In the scientific literature, the issue of establishing quantitative interconnections between key macroeconomic indicators, in particular, between inflation and economic growth, has traditionally been given a great deal of attention. The theoretical basis for these studies is the work of monetarists and, above all, Friedman and Schwartz (1970) , who developed the foundations of a non-monetary theory, according to which the central bank's policy on the money supply management should play a key role in stimulating economic development.
Continuing this tradition, Orphanides and Solow (1990) analyzed the effect of the money supply on the main macroeconomic indicators and determined the relationship between the inflation rate and the GDP dynamics, which later formed the basis for the Orphanides rule, based on using not the absolute values of the studied indicators, but their trend.
Based on the analysis of the Fischer equation of exchange, Blinov concluded that economic growth depends on the ratio of the growth rates of money supply and the growth rates of prices (Blinov, 2017) . However, such an approach ignores the issue of selecting monetary transmission channels to increase money supply in circulation, which is an important practical issue for central banks.
In general, in the scientific literature, an empirically confirmed point of view prevails that a high level of inflation negatively affects economic growth. However, the question remains regarding the definition of the marginal level of inflation (for developed and non-developed countries), whose excess is negatively affecting economic growth and requires correction of the anti-inflation policy of the government and the central bank.
Espinoza, Leon, and Prasad (2010), using the smooth transition model and taking calculations for 165 countries in the period 1960-2007 into account, stated that developed countries have a threshold value of inflation of 1%, and for countries with emerging markets, an inflation barrier for economic growth may be 10% or more.
Kremer, Bick, and Nautz (2013), using the dynamic panel threshold model in the context of 124 countries of the world for 1950-2004, calculated that for industrially developed countries the threshold value of inflation is equal to 2%, and for countries that are not industrially developed it exceeds 17%. According to researchers, if in developing countries inflation is less than 17%, then this is not a significant obstacle to their economic growth.
Eggoh and Muhammad (2014), based on data from 102 countries using the PSTR and dynamic GMM methods, concluded that the relationship between inflation and economic growth is non-linear and proposed several inflation thresholds for different samples. For developed countries, the threshold of inflation is set at 3%, and for developing countries it is at 10-12%. In addition, the authors identified certain indirect channels of inflation influence on economic growth and proved that inflationary tolerance in developing countries is significantly higher than in developed ones.
Ibara and Trupkin (2016), using the PSTR smooth transition model and the example of 124 countries in the period 1950-2007, calculated the thresholds for inflation, the excess of which adversely affects economic growth. The authors estimate the threshold for developing countries at the level of 19.1%, and for developed countries at 4.1%. In addition, according to the authors, in case of improvement of institutes' activities, the threshold value of inflation in developing countries can be reduced to 7.9%.
Empirical studies by López-Villavicencio and Mignon (2011) for a sample of 42 countries allowed the inflation thresholds of 2.7% for developed countries and 17.5% for developing ones. Similar results were obtained by Omay and Kan (2010), whose calculations have shown that for industrially developed countries the threshold of inflation does not exceed 2.52%. Barro found that rising inflation by 10 pp led to a decline in the real GDP per capita growth rate by 0.2-0.3 pp. (Barro, 2013) .
Other definitions of the threshold values of the inflation rate are found in the literature, for example: 8% (Sarel, 1996) ; 3-6% (Khan & Senhadji, 2001); 9% (Kartayev, 2017) and others, due to the use of different sample sizes, time periods, specification of selected models, the nature of inflation processes during the period under study, etc.
The research on the correlation between inflation and economic growth for closed and open economies deserves attention. According to Sachsida, Carneiro, and Loureiro (2003) , in countries with open economies, the negative impact of inflation on economic growth is significantly enhanced after reaching the threshold. Pain, Koske, and Sollie (2006) have argued that increasing the level of the economy openness leads to the fact that prices for imported goods have a significant effect on prices in the domestic market.
Analysis of indirect channels of influence on inflation dynamics and economic growth is an important area of research. Ezirim, Muoghalu, and Elike (2008), using the USA as an example, have shown that an increase in public spending contributes to an increase in inflation. According to their findings, excessive government expenditures increase consumer demand and crowd out production investments. Such results are also confirmed by Han and Mulligan (2008)'s case studies of 80 countries.
Lioui and Poncet (2008), Gillman and Kejak (2011) investigate the effect of interest rate on inflation dynamics and conclude that high inflation inhibits long-term investments, reduces the productivity of all factors of production and, thus, reduces production in the future. Mendoza and Terrones (2008) , based on a study of credit booms in 48 countries, found the dependence of the inflation rate on the increase in the balance of loan indebtedness.
Kartayev (2017), Leong, Puah, and Liew (2018), Zhuravka (2008) analyze the correlation of inflation and economic growth with the exchange rate dynamics and conclude that it is necessary to combine inflation targeting with the exchange rate targeting.
Malyovanyi, Nepochatenko and Nesterchuk (2018) estimated the influence of social expenditures and their structure on economic growth and inflation in the OECD countries for the period 1980-2015.
Since 2000s, the study of the influence of central banks' policy aimed at inflation targeting was a new direction in the study of inflation and economic growth. A number of researchers believe that the inflation targeting is most beneficial for emerging market countries, as it contributes to a controlled and substantial reduction in inflation (Lin & Ye, 2007) . However, most scholars are convinced that using inflation targeting can be beneficial both for developing and developed countries (Mollick, Cabral, & Carneiro, 2011; Kurihara, 2013).
DATA AND METHODS
The study relies on the International Monetary Fund and the National Bank of Ukraine statistics, as well as on the authors' calculations based on the combination of economic and statistical methods of analysis.
In order to analyze the dynamics of GDP growth rate depending on the inflation rate, data for 2010-2017 are used according to the corresponding range of 158 countries, whose GDP is more than 0.005% of the global GDP. The grouping of countries by the inflation rate was conducted on the following scale: "not over 0.0 (deflation)", "from 0.0 to 2.0%", "from 2.0 to 5.0%", "from 5.0 to 8.0%", and "over 8.0%".
Countries with an unstable political and economic situation, as well as those where hostilities are being conducted, including Syria, Iran, Sudan, Libya, South Sudan and Venezuela, were not included in the statistical sample.
In order to analyze the studied interconnections in Ukraine, the period 1996-2017 was chosen, since before 1996, there was a galloping inflation accompanied by a constant decline in GDP, which makes it impossible to compare the results. To analyze the inflation rate, as in most studies, the consumer price index (CPI) has been used, and to characterize economic growth, the annual growth rates of real and nominal GDP were used, since it is precisely these indicators that are sufficiently complete and reliable statistics. In addition, they are the main macroeconomic indicators, which are approved in government forecasts.
During the establishing quantitative relationships between the investigated parameters, linear dependence was used on the basis of the correlation analysis and the pairwise regression equations. Analysis of possible variants of using nonlinear dependence based on the source data linearization did not allow obtaining statistically significant results, but, on the contrary, deteriorated them to a great degree.
While studying theoretical and methodological aspects of the relationship between inflation and economic growth, the monographic method, the methods of analysis and synthesis and the method of expert evaluations were used. In order to perform a comparative evaluation of the results, methods of analogy, grouping, sampling, averaging of data and analytical method were used. Methods of scientific abstraction and system-structural analysis were implemented in developing recommendations for improving the anti-inflationary policies of governments and central banks.
RESULTS
The current stage of the world economy development is characterized by moderate economic growth under the moderate inflation. Over the last eight years, economic growth has slowed down in many G20 countries, including China, India and Russia. At the same time, the inflation rate, gradually slowing down, remained within the limits controlled by the central banks.
An analysis of the correlation between the inflation rate and the real GDP growth rate using the example of 158 countries in 2010-2017 made it possible to conclude that the increase in inflation significantly constrains the pace of economic growth. The calibration of countries by the inflation rate shows that most of them are in the second, third and fourth groups, that is, the range of fluctuations in the inflation rate is from 0 to 8%. In 2015, the share of countries belonging to these three groups was 69%, and in 2017 it was 88%, indicating significant fluctuations of the studied indicators both in time and in separate groups of countries.
Based on the analysis of the data obtained, it was concluded that among the 158 countries studied in 2010-2017, with an average inflation rate of 4.94%, the real GDP growth rate was 3.37%. At the same time, in the fifth group of countries where the inflation rate exceeded 8.0%, annual growth rates of real GDP slowed down to 2.49% and show a clear tendency to further decrease. In addition, the results suggest that deflation inhibits the growth of real GDP to a much lesser extent than high inflation, since in the first group of countries the average weighted growth rate of real GDP was 2.58%, while in the fifth group it was 2.49% (Table 1) . The analysis also provides grounds for arguing that in 2010-2017, in the world economy the inflation rate at the level of 6.0% (Figure 1 ) was the limit value of inflation, beyond which the economic growth rates declined or substantially slowed down (Figure 1) , which generally is consistent with the results of research by other scholars.
As the analysis shows, in the scientific literature, as a statistical sample, long time intervals are used, although, in the authors' opinion, this is not always justified from a practical point of view. For example, some studies covered the period from the 1950s to the present (Ibarra & Trupkin, 2016; Kremer, Bick, & Nautz, 2013). However, it should be borne in mind that in the 1950s-1960s, during the world economy recovery, demand inflation dominated, and in the 1970s -expense inflation that was due to the energy crisis and rising prices for energy resources. In the 1980s, the main influence on inflationary processes was caused by monetary factors associated with the significant expansion of financial markets and the introduction of monetary methods for the economy regulation by the central banks based on the expansion of the money supply in circulation. In the 1990s and 2000s, inflation was mainly due to financial and banking crises, the devaluation of many national currencies, and other factors. The 2010 inflationary processes were mainly influenced by the consequences of the 2008-2009 global financial crisis, budget crises, tariff wars, the imposition of sanctions, etc., which generally hampered economic growth.
In the authors' opinion, long-run studies, along with the benefits, have certain disadvantages associated with the fact that long-term trends offset the influence of specific factors and do not allow identifying the features of inflationary processes in each particular period. During this time, many parameters and characteristics change, and the nature of the inflation itself changes too. For practical purposes, prediction of macroeconomic indicators and the development of anti-inflationary policies not only require historical data, but also actual data characterizing current trends. Therefore, in the authors' view, to forecast macroeconomic indicators, the analysis of data for 8-10 years will be enough.
Some studies provide recommendations for using quarterly data (Barro, 2013) , which is generally sound. For example, during 2008-2017 in Ukraine, three years saw a decline in production (2009, (2014) (2015) , and two years (2012-2013) witnessed a recession. It is clear that in such a situation, for the purposes of forecasting, data will be more reliable for a relatively short historical period, but by quarters. Using quarterly data provides more operational information and opportunities for forecasting, and allows for a wide range of specific factors to be taken into account.
An analysis of inflationary processes and their impact on economic growth in Ukraine suggests that during 1991-1995, hyperinflation was observed in the country. Thus, in 1992, inflation was 2100%, and in 1993 -10356%. However, already in 1995, inflation slowed down to 287.1% and since 1996 it began to decline gradually. For the period 1996-2017, the average annual inflation rate was 14.64%, while the average growth rate of real GDP was only 1.36%.
In order to study the influence of inflation processes on the real GDP dynamics in Ukraine in 1996-2017 and to establish quantitative relationships between the parameters investigated, linear dependence was used based on the construction of the pair regression equation. As a result of calculations, the following equation is obtained:
0.3108 5.9111, y x = − + (1) where y -the real GDP growth rate, %; xinflation rate, %.
An analysis of the results shows that there was an inverse relationship between the inflation rate and the rates of real GDP growth in 1996-2017: with an increase in inflation rate by 1%, the growth rate of real GDP decreased by 0.3108%.
The estimation of the parameters of the obtained equation by the least squares method indicates its statistical significance. The tightness of the relationship between the selected factors, which is determined by the correlation ratio, was: r = -0.5132. This value of r indicates that, on the Cheddock scale, the level of relationship between the selected indicators is "noticeable". The determination coefficient (R2) for the calculated model was 0.2633, that is, in 26.33% of cases, the change in the inflation rate leads to changes in the rates of real GDP growth.
The actual value of Student's t-criterion was 2.6740, and the tabular one was 2.086, which is confirmed by the inequality kr t t > and the statistical significance of the correlation coefficient. The verification of the statistical significance of the equation using Fisher's criterion showed that the tabular value of this indicator was 4.35, and the actual value was 7.149, that is,
The coefficient of elasticity was 3.349, exceeding 1.
The analysis of the chart constructed on the basis of equation (1) shows that the empirical lines of inflation rate and the growth rates of real GDP are crossed at point 4.51 (Figure 2) . Therefore, it can be assumed that the threshold value of inflation in Ukraine in 1996-2017 was an indicator at 4.51%. However, since the average inflation rate over the analyzed period exceeded the threshold, it kept constraining the growth rate of real GDP.
Given the results obtained, it can be concluded that the inflation target set in 2016 by the National Bank of Ukraine at the level of 5 + 1% exceeds the estimated value.
In order to clarify the revealed bonds, an equation of pair linear regression was constructed which characterizes the effect of the change in the inflation rate on the nominal GDP dynamics in Ukraine in 1996-2017. As a result of calculations, the following equation was obtained:
11.7511 0.6107 , y x = + (2) where y -nominal GDP growth rate, %; xinflation rate, %.
The results obtained indicate that the connection between the selected indicators is straight and is characterized as "noticeable" according to the Chaddock scale. The analysis of the obtained equation shows that the 1 pp increase in the inflation rate is accompanied by a 0.6107% increase in nominal GDP.
The tightness of the connection between the selected factors in the model (2) was higher: r = 0.5722, and R2 = 0.3271. Calculated values of the ela sticity coefficient, Student's criterion and Fischer's criterion indicate the significance of the results obtained.
However, from a methodological point of view, the comparison of the growth rate of nominal GDP with the inflation rate, determined on the CPI basis, is incorrect. According to the authors, in order to assess the impact of inflationary processes on the economic growth on the basis of the nominal GDP dynamics, it is expedient to use the GDP deflator index, which includes the indices of price changes for all goods produced per year in the country, and not only those included in the CPI calculation. 
where y -nominal GDP growth rate, %; x -GDP deflator rate, %.
The economic interpretation of the results shows that in the period under study the 1 pp increase of the GDP deflator contributed to the nominal GDP growth by 0.7399 pp.
The high value of the correlation coefficient (r = 0.8082), the determination coefficient (R2 = 0.6530), the t-statistic and F-statistics indicate the statistical significance of the results obtained.
The obtained estimates of the regression equation allow us to use it for forecasting.
The fact that, according to equation (3), in 65.3% of cases the change in the GDP deflator leads to a change in the nominal GDP growth rate can be interpreted as an evidence of the inflationary nature of the modern economy development.
This conclusion is confirmed by the analysis of the statistical data (see Table 2 ). Over the analyzed period, inflation in Ukraine was accompanied by high growth rates of the M3 monetary aggregate, however, the link between the growth rates of M3 and the inflation rate was very weak. More significant was the relationship between the real GDP growth rates and the gap between the growth rates of M3 and the inflation rate. According to the methodology proposed by Blinov (2017) , this indicator actually characterizes the dynamics of the real money supply.
In order to determine the quantitative relationships between these indicators, the following regression equation was constructed: 
where y -real GDP growth rate; x -difference (spread) between M3 growth rates and the inflation rate, pp.
The obtained results indicate that the increase in the spread between the growth rates of the monetary aggregate M3 and the inflation rate by 1 pp for the period of 1996-2017 contributed to an increase in the real GDP growth rate by 0.2269 pp.
As a result of the calculations, it turned out that the degree of connection between these indicators according to the Chaddock scale is high (r = 0.7422, R2 = 0.5513). The value of the elasticity coefficient is 1.69, which means that an increase in the gap between the M3 growth rates and the inflation rate substantially affects the real GDP growth rates. Student's criterion: According to the study results, the difference between the M3 growth rates and the inflation rate was negative only in 1996, 2009 and in 2014-2017, which can be characterized as a process of artificial "squeezing" of the money supply by the central bank (see Table 2 ). This is also confirmed by the data on the rapid drop in the level of economy monetization, which in 2013 amounted to 62.5%, and in 2017 it decreased to 40.5%. Figure 3 clearly demonstrates the correlation between the dynamics of inflation rates, the growth rates of real GDP and the gap between the growth rates of M3 and the inflation rate in Ukraine in 1996-2017. A significant slowdown in the growth rate of the M3 monetary aggregate in 2009 and 2014-2015 in comparison with the inflation rate due to the ill-conceived monetary policy of the central bank led to a decrease in the economic growth rates.
In order to minimize the negative impact of inflationary processes on Ukraine's economic growth, the policy of the National Bank of Ukraine should be aimed at eliminating the artificial "squeezing" of the money supply through a reasonable increase in the level of economy monetization and the implementation of an effective monetary policy. The main directions of increasing the level of the economy monetization should be the expansion of lending to the economy and strengthening the channels of the monetary transmission mechanism controlled by the central bank. In addition, the role of monetary policy of the central bank in stimulating economic growth should be to create certain monetary conditions, the main among them are macroeconomic stability, stability of the banking system and money circulation, as well as low and stable inflation. 
CONCLUSION
The analysis of the linkage between the inflation rate and the growth rate of real GDP on the basis of IMF statistics using the example of 158 countries of the world confirmed the negative impact of inflation on economic growth. Given the calculations, it was determined that in 2010-2017, in the global economy, the threshold inflation rate, beyond which the rate of economic growth declined or slowed down, was 6.0%. The obtained results also showed that in world practice, deflation inhibits economic growth much less than high inflation.
The analysis of the statistical sample volumes made it possible to determine that long-term research, along with its advantages, also has drawbacks, and therefore, the use of quarterly data, which is more reliable and informative, is proposed for forecasting macroeconomic indicators and developing anti-inflationary policy measures.
Empirical calculations allowed determining the inverse effect of inflationary processes on economic growth in Ukraine, namely: in 1996-2017, with an increase in inflation rate by 1 pp, the growth rate of real GDP decreased by 0.3108 pp. An indicator of 4.51% is the threshold inflation rate for Ukraine. Exceeding this limit value of the inflation rate led to a systematic decrease in the growth rate of real GDP. Therefore, one can assume that the 5 + 1% inflation target set by the National Bank of Ukraine in 2016 exceeds the estimated value.
It was established during the study that the relationship between the rates of nominal GDP growth, in contrast to real GDP, and the inflation rate, is more direct and tighter. In 1996-2017, the increase of inflation by 1 pp contributed to the growth of nominal GDP by 0.6107 pp. It was proved that in order to analyze such dependence it is better to use GDP rather than CPI.
The study made it possible to hypothesize that the peculiarity of the current stage of the world economy development is in its inflationary nature. For Ukraine, this is confirmed by calculations of the relationship between the real GDP growth rates and an indicator characterizing the gap between the growth rates of M3 and the inflation rate, which actually reflects the dynamics of the real money supply. The obtained results showed that an increase in the gap between the growth rates of the monetary aggregate M3 and the inflation rate by 1 pp during the period under study contributed to an increase in the real GDP growth rate by 0.2269 pp.
The calculations show that in 2009 and 2014-2017, the process of artificial "squeezing" of the money supply took place in Ukraine, resulting in a decrease in the economy monetization by 22.0% in 2017 compared to 2013.
It is proved that in order to smooth out the negative impact of inflationary processes on the economic growth, the policy of the National Bank of Ukraine should be aimed at eliminating the artificial "squeezing" of the money supply through a reasonable increase in the level of the economy monetization and the implementation of the effective monetary policy. The main directions of increasing the level of the economy monetization should be the expansion of loans and strengthening the monetary transmission mechanism channels.
For emerging markets countries, promising areas of research may include identifying the links between inflation and financial dollarization, between inflation and unemployment, and determining the impact of the national currency devaluation and the state budget deficit on inflationary processes.
